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hy 

H.  arogcH 

SDMMAHf 

in  axpariaontal  Tiqpour  dotoetlon  q>par«fcu8  has  ba«i  doviaad  oonaiating 
hasloally  of  a  modifiad  argon  loniiation  dataotor,  tha  anoda  of  whioh  aervaa 
also  as  a  bullb-ln  odnlatura  gaa-liguld  ohromatographio  oolunn. 

Testa  of  the  apparatus  In  the  laboratory  and  in  a  gas  ohaai>ar  have  shown 
that  it  is  oapable  of  dateoting  dangerous  rapour  oonoantrations  of  likely  C.W, 
agents  within  a  few  aaoonds,  even  in  the  prasenoe  of  innocuous  vapours 
ainulating  likely  atmoapherlo  pollutants. 

The  reasons  leading  to  tha  dataotor  dasi^i  are  given  and  followed  hy 
a  description  of  the  modified  anoda  and  tha  operation  of  tha  dataotor.  Tha 
oausas  of  drift  and  sensitivity  limitations  are  examined,  and  simple  sohamas 
to  eliminate  them  are  dasoribad,  Tha  report  oonoludas  with  a  dasoription  of 
tha  ajqparimantal  C.W.  agent  detection  apparatus,  an  aooount  of  tha  experiments 
undertaken,  and  tha  results  obtained  ixirastigating  oharaotaristios  such  as 
the  sensitivity,  apaad  and  linearity  of  response. 

The  results  obtained  are  oonsidered  suffioiently  enoouraging  to  justify 
further  investigation  of  the  behaviour  of  an  apparatus  of  this  type  in  the 
natural  atmosphere  in  a  variety  of  environmental  conditions,  with  emphasis 
on  its  possible  development  into  a  ooapaot,  automatio  C.W.  alarm  for  Sarvioe 

uae. 

(an.)  1.1>  tame, 
aaperintaniottt, 

Pbgrsiea  Beseaamli  MwislyOB. 

(anO  a.  8. 6.  Bill, 

Deputy  Direetor, 
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by 

H.  STRETCH 


INTRODUCTION 

Attempt  a  have  been  previously  made  to  use  gas  chromatography  in  C.W. 
alarms.  In  the  U.S.A.  a  number  of  Instruments  were  made  on  conventional 
lines,  each  having  a  long  heated  column  to  separate  the  agent  from  air  and 
innocuous  pollutants,  and  either  a  flame  or  radioactive  type  of  ionization 
detector  (l).  Development  oeased  once  it  was  evident  that  a  ohromatogriph 
alone  could  not  be  enployed  to  identify  agents. 

The  following  paper  gives  preliminary  details  of  a  potential  alarm 
system  based  on  a  modified  argon  detector  (2),  the  modification  consisting 
of  the  addition  of  a  tiny  column  around  the  anode,  separated  by  a  1-2,3  mm 
gap  from  the  surrounding  tritiated  foil  oathode  (Pig.  la).  Vapour a  of  hi^ 
boiling  substances  present  in  air  samples  are  Isolated  from  low  boiling 
pollutants  by  means  of  the  column,  and  are  subsequently  measured  and  the 
amount  related  to  the  atmospheric  oonoentratlon.  Hl^  sensitivity  is 
obtained  by  having  the  oolumn  inside  the  detector,  where  measurements  are 
made  before  extensive  dilution  of  the  eluting  vapour  occurs,  and  also  hy 
taking  a  much  larger  sanple  than  is  possible  in  conventional  chromatography. 
Other  radioactive  ionisation  detectors  can  be  similarly  modified,  thus 
enabling  an  electron  capture  detector  for  exasple,  to  be  used  to  detezmdLne 
trace  quantities  of  low  vapour  pressure  halogen  oonpounds  in  air. 
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Very  little  quantitative  information  exists  about  the  atmo^herio 
pollution  caused  by  high  boiling  organic  materials,  because  it  occurs 
usually  only  at  concentration  levels  far  below  those  where  C.W.  agents 
produce  rapidly  harmful  effects  (3)»  5*or  exanqple,  the  amount  of  polynuclear 
hydrocarbons  in  the  Pittsburgh  atmosphere,  stated  to  be  10“^^j/l.  (4),  is 
too  low  to  produce  a  false  response  in  a  C.W.  alarm,  and  supports  the  belief 
that  in  general  a  process  to  separate  innocuous  high  boiling  substances  from 
agents  is  unnecessary. 

Design  and  development  considerations 

A  conventional  chromatographic  analysis  begins  by  injecting  several 
milligrams  of  substance  into  a  column,  consisting  of  a  long  tube  packed  with 
inert  particles  previously  coated  with  a  thin  film  of  involatile  liquid.  A 
steady  flow  of  inert  gas  svveeps  the  vaporized  substance  through  the  column. 
Ideally  each  confound  in  the  sample  dissolves  in  the  liquid  coating,  and  is 
regenerated  at  a  different  rate,  so  each  separately  enters  the  detector  at 
the  end  of  the  column,  where  a  signal  proportional  to  the  Instantaneous 
vapour  concentration  is  produced.  When  the  signals  are  recorded,  a  nuni>er 
of  peaks  corresponding  to  the  amount  of  each  compound  is  traced. 

When  analysis  of  the  atmo^here  is  undei*taken  and  the  amount  of  material 
available  in  an  air  sample  is  very  small,  preoonoentration  is  advantageous (3, 6) 
but  the  time  required  is  too  long  for  use  in  an  alarm.  Only  a  small  volume  of 
air  must  be  taken  if  tho  column  is  to  operate  in  an  efficient  manner,  and 
consequently  a  very  sensitive  detector  is  needed.  An  optimal  sample  volume 
for  most  columns  is  about  0.1  ml,  but  an  air  sample  containing  agent  at 
1  pe/l.  yields  only  lO'^^g  of  agent.  Larger  saiiples  lead  to  a  more  gradual 
elution  of  all  the  components  in  the  sample,  and  little  separation  is  achieved. 

Short  columns  of  low  plate  number  are  necessary  if  riqpid  analysis  is 
required  and  carrier  gas  supplies  are  to  be  conserved.  Unfortunately  with 
small  columns,  the  resolution  of  adjacent  peaks  is  poor,  beins  proportional 
to  plate  number,  as  sho\7n  in  the  following  equation  (7) 

Bl,  =  VK  (0^2  -  1) 

4  (1  +  lA) 
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Here  is  the  resolution,  'exact  separation'  occurring  v/hen  r  1,5; 

N  is  plate  number,  is  the  'solubility  ratio'  of  the  two  substances  in 
the  liquid  coating,  and  K  the  column  capacity  coefficient. 

The  time  a  substance  is  retained  depends  on  the  column  teoperature, 
peak  width  being  in  turn  proportional  to  retention  time  as  shown  in  the 
following  equation  (8) 


vAiere  tj,  is  retention  time,  f  flow  rate  and  B  peak  \7idth  at  height  i^e. 
Consequently  substances  of  low  volatility  are  retained  for  oonparativeily 
long  periods  in  unheated  columns,  only  gradually  eluting.  Sharper  peaks 
are  obtained  v/hen  the  column  temperature  is  raised  to  vrithin  a  few  degrees 
of  the  boiling  point  of  each  oonponent  in  the  sample,  which  is  impossible 
with  unknown  substances.  No  advantage  is  gained  by  having  a  column  at  a 
tenperature  still  some  way  from  the  boiling  point;  this  became  clear  when 
V  agent  simulants  were  injected  in  small  amounts  into  a  i  inch  long  column 
heated  to  150°C.  Although  the  column  was  in  the  entrance  to  the  ion  ohaiift>or 
of  the  detector,  simulant  vapours  could  not  be  detected.  Failure  may  have 
been  due  either  to  excessive  dilution  of  regenerated  vapours  prior  to  detec¬ 
tion  or  to  inefficient  mixing  of  relatively  largo  vapour  molecules  with 
metastable  argon,  which  spends  the  whole  of  its  existence  near  to  the  cathode 
surface  (9),  Both  effects  can  be  reduced  by  having  the  column  inside  the 
detector,  and  if  in  addition  a  larger  sanplo  is  taken  (at  the  expense  of 
column  efficiency)  simulant  vapours  are  easily  detected. 

Experimental  work  was  undertaken  to  find  out  if  adequate  separations 
could  be  obtained.  In  the  following  sections  the  modified  detector 
ancillary  e^ilpment  are  described,  and  tho  results  of  tests  designed  to 
measure  the  sensitivity  to  agents  and  to  normal  pollutants  are  reoerded. 
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As  is  often  the  case  in  projects  of  this  type,  the  v/ork  progressed  more 
by  way  of  a  series  of  "ad  hoc"  eiqieriinents  designed  to  establish  specific 
facts  or  evaluate  minor  design  changes,  than  along  the  linos  of  a  systematic 
research  Investigation,  and  this  should  be  borne  in  mind  in  reading  this 
report. 

The  ^paratus  consists  of  (i)  detector,  (ii)  magnetic  relay  allov/ing 
air  and  argon  to  flow  alternately  through  the  detector,  (iii)  d.o.  amplifier 
to  magnify  the  detector  output,  (iv)  E.H,T.  supply  to  the  detector,  (v)  thermo¬ 
static  control  and  associated  heater,  (vi)  small  pun^)  to  draw  air  through  the 
detector  and  (vii)  argon  cylinder  fitted  with  a  fine  control.  The  unmodified 
detector  is  described  in  a  previous  paper  (2)  and  the  modifications  and 
subsequent  effects  on  the  performance  are  discussed  in  the  folloi/ing  section. 

The  remainder  of  the  apparatus  is  described  in  Appendix  2. 

The  detector  anode 

A  small  cylinder  made  from  200  B.S. S.  brass  gauze  was  arranged  coaxially 
around  the  brass  rod  eoployed  as  anode,  and  soldered  to  it.  One  end  of  the 
cylinder  rested  on  an  end  plate  of  the  ion  chamber,  and  the  other  was  2  ram 
away  trou  the  opposite  end  plate.  The  space  between  the  cylinder  and  rod 
was  filled  with  glass  wool  and  the  complete  anode  assembly  coated  with  a 
film  of  liquid  partitioner  by  dipping  into  a  1%  solution  in  acetone  and 
subsequently  drying  at  130°C.  A  cross  section  of  a  detector  is  shown  in  Fig.  la. 

The  detector  sensitivity  was  determined  experimentally  by  measuring  the 
response  to  several  vapours,  approximately  in  the  first  place  by  holding  a 
plug  of  cotton  wool  soaked  in  the  appropriate  licjuid  near  to  the  entrance 
tube,  and  later  by  sanpling  knovm  vapour  concentrations  in  a  100  m^  chamber. 

Cylinders  of  different  diameter  wore  fitted  in  turn  into  the  anode 
assembly  and  tested,  and  it  v/as  found  that  as  the  distance  betifeon  anode  and 
cathode  was  increased,  a  proportionately  hi^r  anode  voltage  was  required  to 
maintain  optimum  sensitivity.  For  exanplo,  highest  sensitivity  occurred  at 
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9OOV  when  an  8  mm  diameter  cylinder  was  en^loyed,  and  at  1400  volts  when 
the  cylinder  was  6  mm  diameter,  in  both  oases  the  field  strength  being 
near  to  the  stipulated  value.  However  arcing  occurred  on  several  occasions 
when  detectors  fitted  V7ith  the  larger  size  of  cylinder  were  used  over  an 
extended  period,  v/hereas  those  fitted  v;ith  a  6iim  diameter  cylinder  have 
shown  no  tendency  to  arc.  As  far  as  can  bo  ascertained  from  the  results 
of  the  fev/  tests  which  have  been  undertaken,  a  similar  sensitivity  can  be 
obtained  with  cdl  detectors  fitted  vrith  cylinders  of  betvTeen  6  and  8.5  mm 
diameter,  and  consequently  a  6  mm  size  cylinder  is  preferred  at  the  present. 

Detector  sttuidine  current 

The  following  operating  conditions  were  usod:- 

ibiode  cylinder  diameter  7  mm  Anode  voltage  120CV 

ib'gon  flow  130  m]/mln  Partitloner  equal  parts  Carbowax 

20M  and  dinonyl  phthalate. 

Since  a  potential  difference  of  0.8V  was  measured  across  the  grid  of  the 

first  aitq>llfier  through  a  total  of  32011  ,  the  detector  standing  current  \Ta8 

-8 

2.3  X  10  A.  The  corresponding  figure  quoted  for  a  miniature  ooaxieJ.  detector 
possessing  a  solid  brass  cylindrical  anode  operated  at  3OOV  was  stated  to  be 
6.1  X  10'*^A  when  30  ml/mln  flow  of  argon  was  enq>loyed  (lO).  It  appears 
therefore  that  no  significant  inoroaso  in  standing  current  is  caused  by  the 
presence  of  liquid  partitloner  in  the  ion  ohamiber, 

OPERATIOW 

Fig.  lb  is  a  block  diagram  showing  the  equipment  required  to  detect 
rapldJy  the  vqpours  of  hlj^  boiling  substances  in  the  atmosphere.  Details 
of  the  separate  items  are  given  in  the  i^pendix.  In  the  apparatus  the 
changes  in  detector  current  resulting  from  the  presence  of  ionised  organic 
vapours,  produce  a  oarre^onding  change  in  readings  on  a  mioroaiiBeter 
oonnooted  in  the  anplifier  ou^ut. 
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Tests  were  conducted  as  follotTS;  after  the  apparatus  had  been  switched 
on  and  air  and  arson  were  flov/lng  alternately  through  the  ion  ohaidjer,  the 
meter  was  set  to  a  suitable  reading  in  an  interval  \7hen  argon  was  flowing. 

A  soro  reading  was  indicated  in  the  subsequent  period  of  air  flow,  but  on 
reintroducing  argon  a  rapid  increase  occurred  nearly  to  the  sot  figure. 

During  the  remaining,  tine  argon  was  flowing,  a  sli^t  but  steady  fall  in 
meter  reading  was  noted.  Die  output  signals  oould  be  regarded  as  trapesoidal 
pulses  of  identiool  shape,  width  t  seconds  (argon  flow  time)  and  height  H, 
the  maximum  reading,  thus  allowing  a  reading,  corresponding  to  maximum 
concentration  from  each  sanple,  to  bo  determined  sinqply  by  subtracting  h^, 
the  signal  in  clean  air,  from  that  in  air  containing  vapour,  h^. 

Stability 

Drift  eppoared  to  be  duo  essentially  to  three  causes:- 

(1)  Chanxinx  detector  temperature.  The  magnitude  of  this  effect  was 
measured  by  placing  an  ionization  detector  in  an  insulated  box  containing 

a  small  heater  which  could  be  thoarmostatioally  controlled.  The  teeperature 
of  the  box  was  raised  in  a  series  of  0.5^C  intex^als,  in  vdiioh  the  detector 
was  allowed  to  attain  equilibrium.  Mioroammeter  readings  were  taken  at 
each  tenperature  and  a  greph  constructed*  The  slope  of  the  straight  line 
produced  indicated  that  output  current  increased  by  12^1  with  each  1*^C  rise 
in  tenperature. 

(2)  W-uotuations  in  arxon  flow  rate.  The  sise  of  this  effect  when 
using  the  same  detector  was  obtained  grephioally  ftrom  the  following  figures. 


Table  1 


The  effect  of  change  in  argon  flow  rate  on  output  meter  readings 


How  rate 
mi/oln 


Output  current 
liA 


UO 

120 

95 

70 

45 


10 

50 

100 

150 

200 


They  show  that  on  increase  of  Iml/min  In  the  argon  flow  rate  depressed  the 
output  current. by  2  uA, 
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(3)  Air  aample  preaaure  and  temperature  changes*  Microammeter  readings 
were  taken  during  the  aspiration  of  test  vqpours  from  a  lOOm^  chamber, 
inside  which  detection  q>paratus  was  operated.  The  extractor  slightly  lowered 
the  pressure  in  the  chamber,  and  consequently  that  in  the  detector  ion  chamber, 
also.  This  led  to  enhanced  current  readings  at  first.  However,  as  ft'esh 
cold  air  entered  the  chamber  and  was  sac^led,  it  apparently  lowered  the 
tes^erature  inside  the  detector,  decreasing  the  standing  current  to  a  new  low 
value.  Consequently  tests  V7ere  undertaken  only  after  the  detector  had  reached 
a  teoq)er attire  equilibrium. 

Variations  in  atmospheric  ten^erature  and  pressure  would  undoubtedly  lead 
to  some  drift  if  the  apparatus  were  employed  under  Service  conditions,  but  it 
is  believed  that  over  short  intervals  of  time  this  will  be  insignificant 
conpared  with  the  response  produced  by  rapidly  effective  agent  concentrations. 
However,  if  in  practice  the  drift  is  found  to  interfere  with  agent  recognition, 
a  slightly  more  conplicated  sampling  procedure  could  be  adopted  to  overcome 
this  difficulty. 

Suitably  sinple  measures  were  adopted  to  overcome  drift  in  the  eaperi- 
mental  detection  apparatus  and  these  are  incorporated  in  the  instrument 
described  in  the  appendix.  A  similar  instrument  having  a  sensitivity  of 
21f/ui/p^l.  to  dimethylanillne  vapour  showed  a  drift  of  only  3O/1A  over  I6  hours 
in  a  laboratory,  euid  this  was  almost  wholly  in  a  negative  direction  due  to 
overnight  cooling,  and  substantially  free  from  rapid  fluctuations.  It 
appeared  to  be  due  to  insufficient  thermostatic  control. 

VAPOUR  SAMPLINS 

£]q)erimontaLL  details  and  results  of  tests,  all  of  \Adoh  were  obtained 
with  a  modified  anode  coated  with  Apiezon  grease  and  dinoayl  pbthalate,  are 
given  in  Appendix  1. 

Table  2  and  Figs.  4a  and  4b  Aow  that  a  marked  inorease  in  signal  was 
measured  idien  the  SMapUng  time  tos  changed  from  1  to  2  seconds.  This 
occurred  when  air  sanples  containing  either  the  vapours  of  the  higb  boilii^ 
substance  dimetfaylanilino,  or  hexane,  used  to  simulate  a  common  atmospherio 
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pollutant,  were  sampltd.  Mdltlonal  small  gains  were  made  by  using  still 
longer  sampling  times,  until  a  maximum  response  of  24^A  from  a  dimethyl- 
aniline  nominal  ooncentrationof  1/ig/l.  was  obtained  from  a  san^le  collected 
over  6  seconds.  Using  a  sampling  time  of  6  seconds,  a  number  of  tests  were 
undertaken,  each  at  a  different  san^ling  rate,  and  the  results  are  shown  in 
Table  3  end  ?igs.  4e  and  4c.  A  steady  sharp  increase  in  signal  was  measured 
up  to  a  flow  rate  of  500  m]/n>in,  but  this  was  followed  by  a  slight  decrease  at  2 
litre/tsin.  It  was  concluded  that  a  sample  of  30  ml  or  more  sanpled  at 
300  nJ/>oin  produced  the  best  results,  although  in  practice  the  somewhat 
lower  sensitivity  obtained  from  30  ml.  air  sampled  in  2  to  3  seconds  may  be 
acceptable.  When  optimum  sampling  was  employed,  the  signal  produced  by  a 
l^g/l  dimethylaniline  concentration  was  about  fifty  times  that  given  by  the 
same  hexane  concentration. 

Sensitivity  was  unaffected  by  changes  in  argon  flow  for  flow  rates 
ranging  flrom  50  to  150  al/min,  the  only  effect  being  to  change  the  time 
required  to  reach  maximum  reading  fz*om  6  seconds  at  30  m]/niin  to  3*3  seconds 
at  the  higher  rate. 

The  results  of  tests  undertaken  to  find  the  linearity  of  response  ore 
given  in  Table  4  and  Figs  4d,  4s  oxii  4f .  7h(^  show  that  the  response  to 
either  hexane  or  j^lene  romalnod  linear  oven  when  relatively  high  oonoentrap* 
tions  wore  sampled.  Non-linearity  was  found  with  low  oonoentrations  of 
dimetl^lanlllne,  which  may  have  resulted  from  the  use  of  on  unsuitable 
partltioner.  The  response  with  the  other  partitloners  will  be  tested. 

The  time  required  to  obtain  maximum  response  flrom  a  vapour  concentra¬ 
tion  was  next  Investigated  and  the  results  obtained  ore  given  in  Table  3* 

First  the  air  signal  inside  the  chamber  was  measured.  A  glass  tube  was 
eiq)loyed  to  san^le  air  outside  the  ohacber,  end  a  small  difference  between 
inside  axid  outside  measurements  was  subsequently  used  to  correct  sample 
readings.  While  outside  air  was  being  sampled,  the  test  material  was 
volatilised,  and  after  allowing  4  minutes  for  the  establishment  of  a 
uniform  vapour  distribution  a  person  inside  the  ohaober  disconnected  the 
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glass  tubo.  Signals  woro  recorded  at  Intervals  until  a  moxinaun  reading  was 
obtained*  The  tubo  was  then  replaced  and  the  time  to  attain  background 
signal  was  noted.  With  both  dlmethylaniline  and  trlett^l  phosphate  oonoenF* 
tratlons  a  very  rapid  rise  in  signal  strength  was  observed  and  both  were 
equally  rapidly  expelled  from  the  detector.  The  same  quick  build  up 
followed  by  speedy  removal  was  found  when  substanoes  of  very  low  volatility, 
such  as  dietlyl  phthalate,  were  sampled  from  aspirators. 

Table  6  shows  the  results  of  tests  investigating  the  effect  of  the 
eleotrlo  field  across  the  detector  ion  chamber.  Over  the  voltage  range 
examined,  the  increase  in  signal  was  proportional  to  the  applied  EHT. 

Flnolly  tests  have  been  made  on  vapour  concentrations  of  a  wide  variety 
of  substanoes.  Whore  it  has  proved  possible  to  obtain  uniform  dispersal,  low 
concentrations  of  all  the  hi£^  boiling  substanoes  tested  have  been  measured 
at  a  sensitivity  of  20-30pA//ig/l.,  wl^iereae  a  lower  range  of  Sensitivities 
has  been  recorded  with  more  volatile  substames.  So  far  the  best  results 
obtained  using  a  CrB  concentration  have  indicated  a  sensitivity  of  lO^ViMfi/l* 

It  nuy  be  possible  to  inoreaso  this  figure  by  Judlolously  oboosing  the 
liquid  partioner.  No  slgnifioant  dlfferonoo  in  response  between  fairly 
dry  air  and  air  of  relative  husiidity  approaching  saturation  has  been  detected. 

CONCLUSIONS  AND  MSCOilMENDiTIONS 

An  experimental  apparatus  ec^loying  a  miniature  coaxial  argon  ionisation 
detector  having  the  anode  modified  to  operate  as  a  built-in  separating 
column,  has  been  oonstruoted  and  appears  to  be  oapoble  of  detecting  vapour 
concentrations  of  likely  0*17*  agents  within  a  few  seconds,  even  in  the 
pi*osenoe  of  innocuous  vapours  simulating  likely  atmospheric  pollutants.  The 
results  of  tests  conducted  in  the  laboratory  and  in  a  lOOm^  ohani>er  are 
sufficiently  encouraging  to  justify  further  investigation  of  the  behaviour 
of  an  apparatus  of  this  type  in  the  natural  atmosphere  in  a  vwlety  of 
envtFonssntal  ooaditions,  with  emphasis  on  its  poss&le  ftevelopMOt  into  a 
oospaot,  portable  sutomatlo  C.W.  alarm  for  Service  use.  The  re^ionae  of  the 
qpparatus  to  C.W.  agents  in  au'osol  form  should  also  be  examined. 
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Until  a  prototype  field  instmusont  has  been  oonstruotod  ifTith  careful 
attention  to  all  factors  effecting  sensitivity  and  stability,  the  true 
potential  of  the  device  cannot  be  assessed. 
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Table  2 


The  effect  of  sample  time  on  the  sensitivity 

Air  flow  300  ml/iDin  Column  coating  Apiczon  grease  and 

Argon  flow  120  ml/min  dinoriyl  phthalate 


Substance 

Nominal 

concentration 

/ifi/l. 

San^le 
time  in 
seconds 

Sample 
volume 
in  ml 

Reading 
in  /iA 

Sensi- 

tivi^ 

Ratio  of 

DMA  i*esponse 
to  hexane 
response 

Dimethyl- 

aniline 

2 

1 

8.3 

30 

15 

15 

II 

2 

2 

16.6 

40 

20 

II 

2 

4 

33*3 

43 

21.5 

It 

2 

6 

50 

48 

24 

48 

II 

2 

10 

83.3 

49 

24.5 

24.5 

Hexane 

20.5 

1 

8 

It 

20.5 

6 

11 

n 

20.5 

10 

20 

■1 

All  DKA  results  were  obtained  in  one  day  ond  hexane  results  the  next  day. 


Table  2a 


Flow  rate  2000  ml/iiiln,,  othervTise  similar  conditions  to  those  above 


Dimethyl- 

aniline 

2 

2 

67 

30 

15 

2 

4 

134 

34 

17 

2 

6 

200 

40 

20 

2 

10 

mmimm 

333 

40 

20 

SECRET-DISCRng 

12. 


I" 

>-  ■ 


X 


1. 


SECBBT-DIS 

Table 


The  effect  at  ohaxmlng  th 


San|)le  flow  time  6 

seconds 

Substance 

Sac^le  flow  rate 
ml/mln  , 

dnotbgrl- 

aniline 

20 

n 

50 

n 

100 

« 

300 

N 

500 

n 

2000 

aacwgp-PTi 

13. 


Table  k 

Linearity  of  reeponae 

jiple  Bon-dlnonyl 
phthalate  coating 


Substance 

Nominal 

oonoentretlon 

#ig^l. 

Reading 

uk 

Sensitivity 

lii/fi  g/1. 

Hexane 

3.4 

1.5 

0.i,4 

6.8 

6 

0.88 

10.2 

8.5 

0.84 

13.6 

12 

0.88 

16.9 

16 

0.95 

20,4 

19.5 

0.95 

27.2 

26 

0.95 

34 

32 

0.94 

J^lene 

1.8 

8 

4.4 

3.5 

12 

3.4 

5.3 

23 

4.3 

15.9 

54 

3.4 

21.2 

72 

3.4 

Oinetborl 

aniline 

1 

19 

19 

2 

31 

15.5 

3 

43 

14.5 

4 

53 

13.3 

6 

83 

10.5 

7 

66 

9A 

10 

_ 

75 

_ 

7.5 

In  the  enperioents  leading  to  the  results  given  in  the  above  table, 
the  substanoo  was  volatUisod  and  the  apparatua  allowed  to  attain  a 
maarium  reaponse.  Then  the  oonoontration  waa  reinforoed  with  aore  of  the 
aubatanoe,  and  roadlnga  were  taken  again  until  a  naxioum  value  waa  recorded 
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Table  5 

Sneed  of  response 


(l)  Dimethyl  aniline  1.5/ig/l. 


Time  in 

Reading 

Sensitivity 

seconds 

a<a 

pM^g/1. 

0 

0 

sacqpling  commenced 

4 

4 

3 

16 

14 

9 

28 

19 

13 

40 

27 

18 

maximum 

0 

27 

clean  air  sacpled 

24 

18 

12 

36 

13 

8 

48 

4 

3 

60 

0 

nominal  concentration  of  3ur/1. 

0 

0 

sac^lii^  commenced 

16 

30 

10 

40 

33 

11 

With  successive  saiqtles 

a  series  of  slight  rises  was  recorded  up 

to  a  maximum  reading  of  35* 

0 

35 

clean  air  sao^led 

24 

15 

5 

48 

5 

2 

60 

0 
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Table  6 

The  effect  of  changlmt  EHT 

Vapour  was  sampled  from  a  a^irator  oontainii^  diethyl  phthalate  (a 
description  is  given  in  the  section  dealing  with  apparatus). 


Voltage 

Heading 

UA 

Detector 

sensitivity 

Reading 

increase 

Ai  A 

dVdV 

« 

1250 

64 

13.9 

C 

■1 

1300 

82 

17.8 

18 

1350 

100 

21.6 

36 

mSm 

uoo 

116 

24.7 

52 

mSm 

1450 

136 

29.5 

72 

mm 

A  vapour  oonoeribration  of  4*6  g/1.  was  used  to  calculate  sensitivities 
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ADXILIAIg  APPARATUS 

(i)  The  maroetlo  relay  valve 

A  3  port  micro  electric  valve  (Martonedr  Ltd.,  type  85570^^}  supplied 
with  ^  ILSA  ports  eas  used«  One  inlet  was  connected  to  a  evqpply  of  dried 
argon  and  the  other  through  an  orifice  to  a  small  electric  pump.  The 
outlet  was  connected  to  the  detector.  Normalily  argon  flowed  through  the 
valve  and  into  the  detector,  but  on  energizing  the  relay  VTlth  12V,  lA  a.o. 
or  d.o.,  the  argon  flow  was  stopped  aind  Instead  air  was  drawn  through  the 
detector.  In  early  experiments  the  respective  flow  times  were  controlled 
by  a  pair  of  process  timers  (Airmec  Ltd.),  but  these  were  later  replaced 
by  a  switch  operated  every  6  seconds  by  means  of  a  transistorized  multi¬ 
vibrator  oscillator  (Fig.  2a)* 

A  pedr  of  sample  valves  was  tested  in  a  taundem  arrau^gement  allowing 
uninterrupted  flow  of  the  air  and  argon.  The  stability  of  the  signal 
was  unchained,  so  this  theoretically  sound  but  complicated  system  was 
abandoned. 

(ii)  The  d.o.  arolifier 

A  differential  anplifier  of  120Hn  input  resistance,  gain  3  *■  10,000 
was  re<iuired.  A  circuit  diagram  of  a  mains  operated  amplifier  which  was 
employed  is  shown  in  Fig.  2b.  A  standing  voltage  of  about  3V  ^peered 
across  the  input  Then  the  acplifier  was  in  use  in  the  detector. 

Three  alternative  arrangements  will  be  tried  for  a  portable  amplifier. 
The  first  will  use  valves  in  cascade,  H.T.  being  supplied  from  a  transistor 
convertor;  this  will  be  bulky  but  there  should  be  no  particular  difficulty 
in  maeting  the  input  and  drift  re^iirmaents*  The  second  will  eapley  field 
effect  transistors,  which  alone  amongst  transistors  have  the  necessary  input 
characteristics,  and  the  third  will  be  a  hybrid  of  the  two  previous  systems. 
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(iii)  Thermostat 

A  Inch  cube  box  oontolned  the  detector  and  a  small  heater  v/ound  with 
a  few  inches  of  27f^ft  resistance  wirej  0,3A  at  12V  was  required  to  operate 
the  heater.  A  thermometer  type  of  thermistor  (Mullard  VA3700  series)  was 
inserted  through  a  hole  in  the  top  of  the  box,  and  adjusted  until  the  tip 
almost  touched  the  detector.  It  was  used  in  combination  with  a  sensitive 
amplifier  (ll)  to  keep  the  box  temperature  at  40°  +  0.02°C.  This  detector 
box  viaa  fitted  into  one  corner  of  a  12  inch  cube  Perspex  box,  which  also 
contained  the  magnetic  relay,  timer  and  d.c.  amplifier.  The  heat  dissipated 
by  the  amplifier  helped  in  maintaining  the  detector  at  the  required  tempera¬ 
ture. 

(iv)  The  argon  supply 

A  fine  control  needle  valve  (Edwards  'Spoedivac'  Model  LB)  was  necessary 
to  ensure  a  constant  flow  rate. 

The  water  content  of  the  gas  used  was  specified  as  <8  p.p,m.  There  is 
evidence  (12)  that  a  gain  in  sensitivity  might  be  achieved  by  reducing  this 
water  content.  4rgon  can  be  dried  to  6  p.p.m,  by  means  of  anhydrous  magnesium 
perchlorate,  but  when  short  tubes  packed  with  this  substance  wore  connected 
in  the  argon  line,  no  increase  in  sensitivity  was  measured.  It  was  clear 
that  more  sophisticated  and  conq}licated  procedures  were  necessary  to  produce 
a  significant  improvement,  and  these  would  be  unsuitable  in  a  portable  instru¬ 
ment.  Accordingly  no  further  attenpts  were  made  to  dry  the  argon. 

Sampling  techniques 
(a)  Inside  the  lOOm^  chamber 

The  apparatus  was  placed  inside  the  chamber  and  the  amplifier  output 
connected  by  long  leads  to  a  lOOl^A  meter  on  the  outside.  Both  argon  and 
•sople  flow  rates  were  measured  and  adjusted  when  necessary,  then  saopling 
was  commenced,  and  the  microammeter  rcadii^s  recorded.  After  a  time  readings 
became  constant,  and  the  value  v/as  recorded  as  the  'clean  air'  reeding.  An 
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appropriate  amount  of  test  liquid  to  give  a  nominal  vapour  oonoentration 
was  weighed  into  a  bottle  and  evq)oratod  on  a  hot  plate  Inside  the  chamber, 
as  soon  as  the  "clean  air"  reading  was  obtained.  Several  mixing  fans  were 
eii;)loyed  to  produce  a  uniform  concentration.  Readings  were  taken  througlv- 
out  this  mixing  period;  they  increased  to  a  maximum  value  in  about  3  to 
4  minutes,  then  slowly  decreased  as  vapour  sorbed  on  the  chamber  walls. 
Unfortunately  ehen  substances  of  very  low  volatility  were  tested,  the 
signal  aii;>litude  was  found  to  be  dependent  on  the  sampling  position,  so 
the  following  procedure  was  adopted. 

(b)  Reference  source 

The  following  procedure  was  also  used  to  produce  a  reference  source 
irtien  polluted  atmoipheres  were  examined. 

Two  51.  aspirators  were  connected  a  2-way  tap  to  the  entrance  of 
the  detector.  One  was  left  open  at  the  top  to  the  air,  but  the  other  was 
sealed  with  a  bung  supporting  sn  ogitator.  100ml  of  the  test  liquid  was 
stirred  for  30  minutes,  then  vapour  sacples  were  taken  tluraugh  the  exit 
hole  1  inch  above  the  liquid  surface.  A  plug  of  cotton  wool  in  the  exit 
prevented  ai^  oerosol  reaching  the  detector. 
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BLOCK  DIAGRAM  OF  EXPERIMENTAL  GAS 
CHROMATOGRAPHIC  DETECTION  APPARATUS. 
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MINUTES 

CHANGING  SAMPLING  TIME. 
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TABLI  2. 


TIME  ('sic.) 

(q)  DIMETHYLANIUNE 


TABLE  2. 


(bl  HEXANE. 


THE  EFFECT  OF  SAMPLING  TIME  ON  SENSITIVITY. 


TABLE  S. 


(c)  DIMCTHYLANILINE. 


THE  EFFECT  OF  SAMPLING  RATE  ON  SENSITIVITY. 


FIG.4(a)(b)(c) 
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NOMINAL  CONCINTItATlONC^S/i) 

(d)  HEXANE. 


o  10  20  25 

NOMINAL  OONCiNTKAriONCpS/t). 

(t)  XYLENE 


THE  LINEARITY  OF  RESPONSE. 


TABLI  4. 


CnOixlETHYLANmNC 

THE  LINEARITY  OF  RESPONSE. 

FIG.4(d)(c)(f) 
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